Aging liver is characterized by alterations of liver biology and by a reduction of many functions which are important for the maintenance of body homeostasis. The main dysfunctions include appearance of enlarged hepatocytes, impaired liver regeneration after partial hepatectomy (PH), development of hepatic steatosis, reduction of secretion of proteins and alterations in the hepatic sinusoid. RNA binding proteins are involved in the regulation of gene expression in all tissues including regulation of biological processes in the liver. This review is focused on the role of a conserved, multi-functional RNA-binding protein, CUGBP1, in the development of aging phenotype in the liver. CUGBP1 has been identified as a protein which binds to RNA CUG repeats expanded in Myotonic Dystrophy type 1 (DM1). CUGBP1 is highly expressed in the liver and regulates translation of proteins which are critical for maintenance of liver functions. In livers of young mice, CUGBP1 forms complexes with eukaryotic translation initiation factor eIF2 and supports translation of C/EBP␤ and HDAC1 proteins, which are involved in liver growth, differentiation and liver cancer. Aging changes several signaling pathways which lead to the elevation of the CUGBP1-eIF2␣ complex and to an increase of translation of C/EBP␤ and HDAC1. These proteins form multi-protein complexes with additional transcription factors and with chromatin remodeling proteins causing epigenetic alterations of gene expression in livers of old mice. It appears that CUGBP1-mediated translational elevation of HDAC1 is one of the key events in the epigenetic changes in livers of old mice, leading to the development of age-associated dysfunctions of the liver. This review will also discuss a possible role of CUGBP1 in liver dysfunction in patients affected with DM1.
a b s t r a c t
Aging liver is characterized by alterations of liver biology and by a reduction of many functions which are important for the maintenance of body homeostasis. The main dysfunctions include appearance of enlarged hepatocytes, impaired liver regeneration after partial hepatectomy (PH), development of hepatic steatosis, reduction of secretion of proteins and alterations in the hepatic sinusoid. RNA binding proteins are involved in the regulation of gene expression in all tissues including regulation of biological processes in the liver. This review is focused on the role of a conserved, multi-functional RNA-binding protein, CUGBP1, in the development of aging phenotype in the liver. CUGBP1 has been identified as a protein which binds to RNA CUG repeats expanded in Myotonic Dystrophy type 1 (DM1). CUGBP1 is highly expressed in the liver and regulates translation of proteins which are critical for maintenance of liver functions. In livers of young mice, CUGBP1 forms complexes with eukaryotic translation initiation factor eIF2 and supports translation of C/EBP␤ and HDAC1 proteins, which are involved in liver growth, differentiation and liver cancer. Aging changes several signaling pathways which lead to the elevation of the CUGBP1-eIF2␣ complex and to an increase of translation of C/EBP␤ and HDAC1. These proteins form multi-protein complexes with additional transcription factors and with chromatin remodeling proteins causing epigenetic alterations of gene expression in livers of old mice. It appears that CUGBP1-mediated translational elevation of HDAC1 is one of the key events in the epigenetic changes in livers of old mice, leading to the development of age-associated dysfunctions of the liver. This review will also discuss a possible role of CUGBP1 in liver dysfunction in patients affected with DM1.
© 2012 Elsevier B.V. All rights reserved.
Introduction
Liver is one of the largest tissues in the body and it provides essential functions for homeostasis of the organism. The liver is a highly complex tissue which consists of many distinct types of cells that interact with each other in a highly organized manner. The biological processes in quiescent liver and during development of liver are tightly regulated by many signaling pathways. The coordination of these signaling pathways is required at the stage when the liver starts development at yearly embryonic stages (Bort and Zaret, 2009) and at the stages when liver continues differentiation after birth reaching the differentiation status in 2-month-old mice (Grisham, 2009 ). In addition to providing homeostasis, the liver has enormous capabilities to regenerate itself in response to surgeries and liver injury (Michalopoulos, 2010) . Prenatal and post-natal liver development and differentiation as well as liver regeneration are regulated by orchestrated expression of many genes and by co-operation of many signaling pathways (Bort and Zaret, 2009; * Corresponding author. Tel.: +1 713 798 1567; fax: +1 713 798 4161.
E-mail address: nikolait@bcm.tmc.edu (N.A. Timchenko). Fausto and Campbell, 2009 ). The development of approaches for the analysis of global changes in expression of mRNAs sheds light on certain molecular mechanisms of liver development and regeneration (Michalopoulos, 2010) . Although transcriptional regulation of genes is an important step in the maintenance of liver biology, it has become clear that post-transcriptional regulation of protein expression is also one of the critical steps in the regulation of liver biology. Increasing numbers of publications show that RNA binding proteins are important regulators of liver biology by control of RNA translation and stability. In this review, we have summarized studies on the role of an RNA binding protein, CUGBP1, in the regulation of liver biology and in age-associated liver dysfunctions.
Age-associated dysfunctions of the liver are the result of multiple alterations of signaling pathways
Effects of age on the liver morphology and liver functions have been well documented by numerous reports. Since these alterations are described in details in several reviews (Schmucker, 2005; Floreani, 2007; Timchenko, 2009 Timchenko, , 2011 , we will briefly summarize findings related to the subject of this review. It has been shown that liver size is reduced with age (Wynne et al., 1995) and that
